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1
PROCESS FOR THE PRODUCTION OF POLYIMIDES

This invention relates to a process for the production of
high molecular weight polyimides by reacting ureas with
cyclic dicarboxylic acid anhydrides containing at least one ad-
ditional functional group.

It is already known that tetracarboxylic acids, or anhydrides
thereof, in which two carboxyl groups are situated in the o-
position relative to one another, can be condensed with
diamines to form polyimides. Many polyimides show an out-
standing resistance to high temperatures and are therefore
used, for example, as wire enamels and films for electrical in-
sulating purposes. Unfortunately, the temperature-resistant
polyimides are insoluble in most organic solvents, with the
result that they usually have to be produced in two stages (c.f.
DAS 1,202,981). It is standard practice to operate with solu-
tions of polyamide polycarboxylic acids in strongly polar sol-
vents, whose practical application unfortunately involves con-
siderable difficulties, for example because the insoluble polyi-
mides are precipitated through premature cyclization or are
split up into low molecular weight fragments by the water
which is evolved during this reaction.

It is an object of this invention to provide a process for the
production of polyimides which avoids the disadvantages
mentioned above.

This is achieved by a process for the production of high
molecular weight polyimides which comprises reacting a urea
and a cyclic dicarboxylic acid anhydride containing at least
one additional functional group capable of condensation or
addition, said reacting being effected at a temperature of from
—20°to +450°C.

The reaction is optionally carried out in the presence of a
solvent. The process is preferably carried out at a temperature
from +20° to +350°C.

In the process according to the invention, the polyamines
conventionally used in the production of polyimides, being
substances which are sensitive to oxidation and whose purifi-
cation involves difficulties and considerable losses, are
replaced by ureas and polyureas, which are much more stable.
In general, the imide group is developed only at relatively high
temperatures, guaranteeing stability in storage, for example of
lacquer solutions. One considerable advantage so far as practi-
cal application is concerned is that condensation can be car-
ried out in several stages without any premature further reac-
tion after the first stage has been completed. Thus, solutions
which are distinguished by their high solids content and rela-
tively low viscosities can be obtained from the low molecular
weight condensation products obtained in the first stage of the
reaction. These solutions are then applied and condensation
continued to completion on the articles to be provided with a
coating.

Any N,N’-disubstituted ureas may be used as the ureas for
the purposes of this invention. The following are mentioned by
way of example:

The ureas may, however, also contain other functional
groups capable of polycondensation or polyaddition reactions,

10 such as hydroxyl groups, carboxyl groups, dicarboxylic an-

hydride groups, carboxylic acid ester groups or isocyanate
groups. Examples of such ureas include:
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It is preferred, however, to use as ureas polyureas or polyu-
rea urethanes that can be obtained by reacting diisocyanates
with diamines or aminoalcohols or with water. Examples of
these polyureas, which may also contain ester groups, ether
groups, carbamic acid ester groups, acid amide groups, acid
imide groups and hydantoin groups, include:
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Trisubstituted ureas are also suitable, for example
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In the context of this invention ureas are to be understood 10
to include thioureas and guanidines or compounds which, like
biurets for example, are converted into ureas during the reac-
tion. The ureas used as starting materials in accordance with
the invention may be prepared by known methodes, for exam-
ple by reacting amines with isocyanates or by condensing
amines with phosgene, urea or carbonic acid chlorides.
Another alternative is to add water or substances which split
off water to isocyanates. Water or an amine may even be used
in less than the stoichiometrically necessary quantity, because
water or amine evolved during the condensation reaction with
acid anhydrides again lead to the formation of ureas by reac-
tion with isocyanates groups. The ureas may either be used per
se or alternatively may be prepared in situ in the reaction
medium itself.

In the context of this invention, cyclic dicarboxylic acid an-
hydrides containing at least one additional group capable of
condensation include any dicarboxylic acid anhydrides which,
in addition to a cyclic dicarboxylic acid anhydride group, con-
tain either (a) one or two additional cyclic dicarboxylic acid
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anhydride groups or (b) one or two other functional groups 30
capable of condensation or addition, for example carboxylic
acid groups and carboxylic acid ester groups. To group (a) be-
long for example the following compounds:
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includes for example the following
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However, it is preferred to use pyromellitic acid anhydride,
trimellitic acid and azo-bis-4,4’-phthalic acid anhydride.
Instead of compounds containing dicarboxylic acid an-
hydride groups, it is also possible to use compounds which,
like o-dicarboxylic acids or their phenyl esters, for example,

can be converted into compounds containing dicarboxylic
acid anhydride groups.
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The reaction according to the invention is illustrated by the
following general reaction scheme:
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When at least bis-functional ureas and bis-functional acid
anhydrides are used as the starting materials, the monomers or
oligmers are linked together to form the high molecular
weight compound simply through imide groups, It is also
possible, however, to synthesize the high molecular weight
compounds from one monofunctional and one bis-functional
component or from two monofunctional components, which
in this instance must have at least one other group capable of
condensation or addition.

Thus, polyamide imides are obtained, for example, from the
polyurea of diphenyl methane

[l Seond Sal]

and trimellitic acid anhydride.

Another method of synthesizing high molecular weight
compounds from monofunctional ureas and acid anhydrides
with a second reactive group is to add other suitable polyfunc-
tional substances, for example diamines, polyesters or
polyethers with terminal hydroxy or acid groups, diols, triols,
polycarboxylic acids and polyisocyanates. Thus, a polyamido-
imido ester can be obtained by the process according to the in-
vention from trimellitic acid anhydride, hexane dio! and the
polyurea of 4,4'-diisocyanato diphenyl methane and hex-
amethylene diamine.

The reaction according to the invention is usually carried
out in organic solvents. Suitable organic solvents include
hydrocarbons, halogenated hydrocarbons, phenols, esters,
ketones, ethers, substituted amines, sulphoxide and sulphones,
for example xylene, o-dichlorobenzene, phenol, cresol,
acetophenone, ethylene glycol monomethyl ether acetate, N-
methyl pyrrolidone, dimethyl formamide, dimethyl sulphox-
ide, dimethyl sulphone and mixtures thereof.

It is preferred to use phenols, for example cresol.

To carry out the process according to the invention, the
reaction components are kept for periods ranging from a few
minutes up to several hours at temperatures of from 0° to
450°C and preferably at temperatures from 20° to 350°C, op-
tionally in the presence of solvents. In some instances, it is of
advantage to carry out the reaction in several stages. An ad-
duct or condensate may be prepared in a first stage and sub-
sequently converted at elevated temperatures into the high
molecular weight polyimide, optionally accompanied by chain
extension or by crosslinking. In some instances it is of ad-
vantage to carry out the reaction in the presence of an inert
protective gas, such as nitrogen or argon.

To obtain high molecular weight products, the reaction
components are generally used in equivalent quantities,
although deviations from the stoichiometric ratios are also
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possible. Occasionally it can be of advantage to accelerate the
reaction by the addition of suitable catalysts, for example zinc
chloride, stannous chloride, ferric chloride, triethylene
diamine, zinc octoate, dialkyl tin diacylates, titanium tetrabu-
tylate and lead oxide.

It is possible by the process according to the invention to
obtain polyimides which are distinguished by their outstanding
resistance to high temperatures, and which are suitable for use
as lacquers, films and shaped articles. Their properties may be
varied within wide limits to satisfy the requirements of the
various fields in which they are used, by the addition of fillers,
pigments and low molecular weight or high molecular weight
components, for example for the production of wire enamels
by admixture with terephthalic acid polyesters.

The following examples are to further illustrate the inven-
tion without limiting it.

The cresol used as solvents in the examples is an isomer
mixture of the kind obtained in large-scale practice.

EXAMPLE 1

25.0 g of diphenylmethane-4,4'-diisocyanate and 19.8 g. of
4,4'-diamino diphenyl methane are stirred for 1 hour at 100°C
into 168 g of cresol. 38.4 g of trimellitic acid anhydride are
then introduced and the resulting mixture is heated for 8 hours
to 190° to 200°C. The mixture is then stirred at this tempera-
ture until no more carbon dioxide escapes, resulting in the for-
mation of a viscous solution which is stoved first at 200°C and
then at 300°C to give a clear brown lacquer film. The infra-red
spectrum shows the bands characteristic of the amide group at
1,660 cm™, and the bands characteristic of the imide group at
1,713 and 1,775 cm™.

EXAMPLE 2

28.4 g of the polyurea obtained from 16.8 of hexamethylene
diisocyanate and 11.6 g of hexamethylene diamine, are heated
with 43.6 g of pyrromellitic acid dianhydride in 144 g of
cresol, first for § hours at 150°C and then for 6 hours at 195°C.
Acetonitrile is then added to the reaction mixture, which is
suction filtered, leaving the polyimide in the form of a yellow
powder whose infra-red spectrum shows the bands typical of
imidesat 1,710 and 1,764 cm™.

(CieH1aN204) n (298.3)
C H N
Calculated: 64.4% 4.7%9.4%
Found 64.6% 4.9%9.1%
EXAMPLE 3

30.5 g of aminoethanol and 125 g of diphenylmethane-4,4'-
diisocyanate are stirred for 1 hour at 90°C into 250 g of cresol.
192 g of trimellitic acid anhydride are then introduced and the
reaction mixture is slowly heated for 7 hours to 195°C. It is
then stirred for 8 hours at this temperature, leaving a viscous
solution of the condensation product which is stoved at 200°
and 280°C, giving clear hard lacquer films.

EXAMPLE 4

43.6 g of pyromellitic acid dianhydride are introduced into
a suspension of the urea formed from 25.0 g. of diphenyl
methane-4,4'-diisocyanate and 19.8 g of 4,4’-diaminodiphen-
ylmethane. The temperature is then increased to 195°C over a
period of several hours and the reaction mixture stirred at this
temperature for 8 hours. Acetonitrile is then added and the
polyamide, in the form of a yellow powder, is suction filtered,
washed with acetronitrile and dried.

(CysH12N20,), (380.4),
C H N
Calculated: 72.6% 3.2%7.4%
Found 72.3% 3.6%7.2%
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EXAMPLE 5

25.0 g of diphenylmethane-4,4'-diisocyanate and 11.6 g. of
hexamethylene diamine are heated for 1 hour to 90°-100°C.
Following the addition of 64.4 g of azo-bis-4,4'-phthalic acid
anhydride, the reaction mixture is slowly heated and then
stirred for 7 hours at 170°C. and for 8 hours at 200°C. A
brown viscous solution is obtained which is coated on to glass
and metal plates and stoved at 200° and 300°C to form clear
hard lacquer films.

EXAMPLE 6

The urea of 16.8 g of hexamethylene diisocyanate and 11.6
g of hexamethylene diamine is heated with 38.4 g. of trimel-
litic acid anhydride in 134 g of cresol, first for 7 hours at
170°C and then for 5 hours at 195°C. The solution of the con-
densation product is then cast into films, in which it is con-
densed to completion at 200° and 300°C. accompanied by
evaporation of the solvent. Elastic non-tearing films are ob-
tained.
What We claim is:
1. The process for the production of high molecular weight
polyimides which comprises
1. reacting an N,N’-disubstituted urea or an N,N’-trisub-
stituted urea; and
2. a cyclic dicarboxylic acid anhydride containing at least
one additional functional group capable of condensation
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or addition selected from the group consisting of cyclic

dicarboxylic acid anhydride, carboxylic acid and carbox-

ylic acid ester groups;
at a temperature of from —260° to +450°C in the presence of an
organic solvent selected from the group consisting of
hydrocarbons, halogenated hydrocarbons, phenols, esters,
ketones, ethers, substituted amines, sulfoxides, sulfones and
mixtures thereof in which said resulting high molecular weight
polyimide contains recurring imide groups, the N-atom of
which is derived from the N-atom in a urea group of said urea
reactant.

2. The process of claim 1 wherein the reaction is carried out
at a temperature of 20° to 350°C.

3. The process of claim 1 wherein said urea comprises the
reaction product of a diisocyanate with a diamine, an aminoal-
cohol or water.

4. The process of claim 1 wherein said urea comprises the
reaction product of an isocyanate selected from the group
consisting of diphenylmethane-4,4’-diisocyanate and hex-
amethylene diisocyanate; with an amine selected from the
group consisting of 4,4’-diamino diphenylmethane, hex-
amethylene diamine and a aminoethanol.

5. The process of claim 1 wherein said cyclic dicarboxylic
acid anhydride is selected from the group consisting of trimel-
litic acid anhydride, pyromellitic acid dianhydride and azo-
bis-4,4’-phthalic acid anhydride.
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